ABSTRACT.--We used DNA-DNA hybridization to determine large-scale phylogenetic structure among hummingbirds (Trochilidae). Analyses of complete matrices of ATto and ATmoa, statistics among eight hummingbird genera and a swift generated the same fully resolved topology, which bootstrapping and jackknifing analyses supported at the 100% level. The data are consistent with monophyly for the traditional hermit (Phaethornithinae) and nonhermit (Trochilinae) subfamilies, and with placement of the hermitlike Tooth-billed Hummingbird (Androdon aequatorialis) and Green-fronted Lancebill (Doryfera ludoviciae) among trochilines. Among the trochilines examined, D. ludoviciae is more closely related to the Sparkling Violet-ear (Colibri coruscans) than to A. aequatorialis, and the Collared Inca (Coeligena torquata) is the sister group to these three. Among the hermits examined, the White-tipped Sicklebill (Eutoxeres aquila) represents the first branch, followed by the White-whiskered Hermit ( 
. Construction of a hummingbird phylogeny is handicapped by the paucity of fossils, and by the extensive and varied modifications to trochilid locomotor and feeding systems that obscure morphological homologies (Cohn 1968 phylogeny construction should provide essential clues to hummingbird evolution. These techniques allow comparison across a wide taxonomic range in measures that are independent of anatomy. In this paper, we examine the largescale structure of the hummingbird radiation with DNA-DNA hybridization, a technique that provides an objective measure of overall genomic similarity.
The long-standing distinction between the hermit (Phaethornithinae) and nonhermit (Trochilinae) subfamilies (Reichenbach 1854, Cabanis and Heine 1860, Gould 1861, Ridgway 1911) provides the starting point for insights into hummingbird phylogeny. As currently recognized, the approximately 30 hermit hummingbirds typically are forest dwellers with decurved bills and dull monomorphic plumage, yaruqui), and White-tipped Sicklebill (Eutoxeres aquila). The hermit genus Ramphodon is endemic to Brazil and was not obtained. In addition to Androdon aequatorialis and Doryfera ludoviciae, we included two putative trochilines, the Sparkling Violet-ear (Colibri coruscans) and the Collared Inca (Coeligena torquata).
Together, these eight genera also allowed us to examine whether hypotheses of relationship among the principal hummingbird clades are concordant across molecular (allozyme; Gill and Gerwin 1989) and morphological (condition of the tensor patagii brevis muscle, TPB; Zusi and Bentz 1982) characters. We used the Chimney Swift (Chaetura pelagica, Apodidae) as an unambiguous outgroup to root the trees.
Biochemical methods.--All tissues (soft organs and muscle) were preserved in either 95% ethanol or liquid nitrogen shortly after collection, normally within 15 min of death. General laboratory procedures for the purification and sizing of nuclear driver DNA, and isolation and iodination of single-copy tracer DNA followed the methods described in Kirsch et al. (1990b) with the following modifications. Raw extracts were sized on 1% agarose gels before as well as after sonication to estimate fragment lengths; all samples used in experiments had a mean fragment size of 500 to 700 bp. Based upon reassociation kinetic studies of birds generally, and of hummingbirds in particular (unpubl. data), we used a Cot value of 200 (eCot 1,130) to prepare all single-copy extracts. We adjusted the iodination reaction mixture's pH to the range of 4.4 to 4.7 by color matching samples with ColorpHast Indicator Strips (pH 4.0-7.0; EM Science, Cherry Hill, New Jersey).
Each hybrid was fabricated in a 1-ml septum vial by combining 100 •g of sheared nuclear DNA at a standard concentration of 4 •g/•l in 0.48 M sodium phosphate buffer (PB) with approximately 1.0 •g of radiolabeled single-copy DNA. This low tracer: driver ratio was chosen to assure accurate quantitation and did not appear to cause undue distortion of melting statistics due to tracer: tracer hybridization; our elution curves lack the secondary high-temperature bump that indicates severe tracer:tracer hybridization. Hybrids destined for the same run were boiled simultaneously for 10 min and incubated at 60øC to a Cot of 6,000 (eCot 33,900). We used hydroxyapatite (HAP) chromatography in 0.12 M PB to obtain thermal-elution profiles, which requires that each hybrid be diluted to 0.12 M PB before loading it onto HAP columns in the thermal elution device (TED; Kirsch et al. 1990a). We previously documented that nonspecific reassociation of DNAs may occur if such diluted hybrids are allowed to sit at room temperature for more than 45 min (Bleiweiss and Kirsch 1993a), the time it usually takes to load the TED. To avoid this effect, each hybrid was diluted in turn and loaded onto a randomly selected column in the TED. Each [Auk, Vol. 111 run began with two 10-ml room-temperature washes followed by one 8-ml elution at 52øC, and 22 additional 5-ml elutions 2 ø apart from 54 ø to 96 ø inclusive.
Matrix design.--Each taxon in turn served as a labeled homologous standard, and was used to generate a complete matrix of pairwise distances. The matrix was designed to maximize intraspecific genetic variation among replicate distances between taxa, a procedure that should provide a conservative measure of intertaxon separation. Previous experiments indicate that different individuals contribute significant additive variance to some melting statistics (Bleiweiss and Kirsch 1993b Lanyon 1985) to evaluate the sensitivity of trees to internal inconsistencies due to inclusion of a specific taxon. Bootstrap analysis of distance data measures the stability of each node in the tree to the effects of random sampling among the actual replicate distance measures in each cell of the original matrix; stability is expressed as the proportion of replicate matrices that recover that branch point. We used Felsenstein's (1990) program CONSENSE to obtain the majority-rule consensus topology among FITCH analyses on bootstrap pseudoreplicate matrices created by A. W. Dickerman's program BOOTTEMP, which samples the original matrix with replacement. We subjected each pseudoreplicate matrix to the same FITCH options noted above, and also randomized the input order of taxa prior to each FITCH run. We jackknifed each matrix by removing each taxon in turn from the full 9 x 9 matrix and then finding, by inspection, the strict-consensus topology among the reduced FITCH trees. Taxon-specific distortions of the topology can be inferred from lack of support for any node when that taxon is omitted. Finally, rate variation was tested by comparing the sums-of-squares for FITCH and KITSCH trees for the Jukes-Cantor-corrected AT5oH data by the F-ratio test of Felsenstein (1986 Felsenstein ( , 1990 (Fig. 2) . The excellent fit of this topology to the matrices of observed distances is indicated by the small residual (unex- Temperature (øC) Rates.--Heteroduplex NPH values were reduced 0.18% to 13.03% among hummingbirds, and 52.73% between hummingbirds and the swift. Thus, some correction of ATto for reduced NPH is warranted prior to conducting rate tests. The best-fit FITCH tree generated from the symmetrized ATsoH matrix further corrected for nonadditivity with the Jukes-Cantor correction agrees with that obtained with ATto and AT•oa• and reveals some apparent rate differences among hummingbird lineages (Fig. 3) . As FITCH and KITSCH gave the same best-fit topology for the ATsoH matrix, the significance of the rate differences among hummingbird lineages (Fig.  3) could be assessed directly (without specification of a user tree for KITSCH) using Felsen- 
DISCUSSION
The robustness of our phylogenetic tree is enhanced by our experimental design, which:
(1) employed a complete suite of reciprocal comparisons to distinguish rate variation from relationship; (2) used a different individual for each replicate driver to provide an internal control for hypotheses of relationship among taxa; and ( 
